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T he information explosion is
beginning to influence that
most conservative of institu-
tions, the Armed Forces.

Professional journals from Parameters
to Proceedings are awash with articles
on RMA and military technical revolu-
tion (MTR).1 Depending on their tech-
nological or ideological bent, these ar-
ticles either hail new developments as
a shining path to the future or
gloomily decry the shortcomings, both
real and perceived, of emerging con-
cepts and hardware. Thus it is difficult
to tell if we are entering an era in
which perfect knowledge—that is, in-
formation dominance—will be coupled
to perfect strike capabilities or if we are

about to field complex systems that
will deluge users under mountains of
trivial data attached to easily thwarted
strike technologies. What we can be
sure of is that we are on the verge of
an explosion in ideas as well as sys-
tems that promises to change the way
war is fought. In fact, RMA is nothing
more than the military application of
ideas from a global revolution in tech-
nology brought about by advanced
computerization techniques.

Two Cultures
Technological innovation is un-

ruly, spasmodic, and to a certain extent
uncontrollable—the opposite of devel-
oping force structure and doctrine
which tends to be highly predictable,

cautious, and self-regu-
lating. To effectively link
doctrine and technology
one must combine the
dynamism of scientific
inquiry and the caution
of military culture (see
figure 1). This is not a
condemnation of the
military mind. Soldiers
are innately cautious be-
cause the stakes in their
profession are high. The
outcome of war is critical

to national survival. Success or failure
is measured in human lives.

Operational doctrine and organiza-
tions must be flexible enough to em-
brace new capabilities that arise from
research and applications far removed
from military requirements. Taking
practical battlefield advantage of new
ideas is the responsibility of doctrine.
To do this, the military culture must be
prepared to leap forward with technol-
ogy and establish meaningful para-
digms for practical soldiers from tech-
nological starting points that may
appear unreachable at first. At the same
time, the culture must be discerning
enough to reject irrelevant or unneces-
sary capabilities. This is a tall order for
cautious minds forced to deal with ex-
plosive opportunities, but the alterna-
tive is disaster. An inability to accom-
modate ideas or, more likely, a tendency
to misapply concepts will be paid for in
opportunities lost in combat.
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Gas! Gas! Quick, boys! An ecstasy of fumbling
Fitting the clumsy helmets just in time
But someone still was yelling out and stumbling
And floundering like a man in fire or lime

—Wilfred Owen, Dulce et Decorum Est

U.S. Army Military History Institute

 2019 McK Pgs  11/17/98 9:12 PM  Page 112



113 Winter 1995–96 / JFQ 63

M C K e n z i e

The interaction between emerging
technologies (together with the
weapons and capabilities that ensue)
and doctrine—the way land, sea, and air
forces fight—will be the fundamental
dynamic in determining whether new
ideas are digested and used properly. In
short the question is whether we can
translate technological concepts into
battlefield advantage.2 That is a crucial
step, because technological advances,
regardless of their inherent brilliance,
must be harnessed to a coherent model
to be employed for decisive advantage.
New technologies must be integrated
with tactical organization, techniques,
and procedures. This is easy to under-
stand but difficult to accomplish. It re-
quires managed, directed interaction of
scientific and industrial methods with a
military culture that must deal with the
realities of the battlefield. These two

worlds may be far apart, but they can
eventually be merged. Avoiding an “ec-
stasy of fumbling” over integration can
provide the margin of victory over an
opponent who is struggling with the
same problems.

Chicken or Egg?
Requirements may be driven from

the bottom up based on combat imper-
atives, or from the top down based on
a concept for employment. Ideally, re-
quirements are identified, then di-
rected technological advances provide
capabilities to answer the need. This
almost never happens—and in an era
of exploding ideas, requirements are
vastly outpaced by burgeoning techni-
cal capabilities. This means that many
ideas emerge from a growing external
base, offering exponential advances in-
creasingly dislocated from a conserva-
tive internal approach to require-
ments. In some cases this means that
the requirements system is being
wrung inside out. We are examining
the relevance and utility of advanced

systems and technologies that we have
not requested and that have not been
validated by any concept-based de-
mand, which is uncomfortable and in-
evitable. Increasingly, the origin of a
capability will become less important.
The only criterion will be its advantage
in battle.

New ideas and technologies intro-
duce potentialities,
some self-generated,
others externally cre-
ated. Cumulatively,
they shape the expecta-
tions for the new idea.
What is this thing sup-

posed to do? How can we measure its
success? Some expectations, such as
the Manhattan Project, are obvious,
others less so. Translating potential
into functional purpose, articulating
an end state, can destroy a project be-
fore it reaches fruition, regardless of
technical feasibility. Expectations can
be set too high or low. Either extreme
is counterproductive. The ability to de-
termine a reasonable and attainable
end state for new technology dictates
the pace of organizational and doctri-
nal integration. This can be difficult,
because relationships of this nature are
neither linear nor static. Instead, the
interactions are dynamic—expecta-
tions change as technologies mature.
At the same time, existing doctrine
and organizational patterns are not
frozen. They, too, are responding to ex-
ternal stimuli.

The development of the XB–70 as
a high-altitude supersonic penetrating
bomber in the late 1950s is a case in
point. Despite technical feasibility that
was demonstrated, the improvement
in Soviet air defenses forced a shift in
Air Force strategic bombing doctrine,
away from high altitude to a low-level

approach. Doctrine changed as the
technology arrived. Many other exam-
ples come to mind. Royal Navy battle-
cruisers during World War I were de-
signed and built for a high-speed
scouting role, yet they were eventually
forced to lie in the line of battle,
largely because they looked like battle-
ships—which had disastrous results at
Jutland. The process of melding tech-
nologies and doctrine is difficult be-
cause both are “moving targets.”

When new technology only mod-
ifies an existing paradigm for the con-
duct of war, it can be readily subsumed
and digested. It may also be misap-
plied. The disastrous fielding by the
French of the Mitrailleuse in 1870 is an
example (this early machine gun was
employed as an indirect fire weapon
and kept so secret that its users were
unfamiliar with its capabilities). Con-
versely, some technologies establish
entirely new paradigms—the tank, air-
plane, and radar, for example (though
it should be remembered that the tank
was initially misused as a pillbox, the
airplane as a horse that flew, and radar
as a pair of binoculars). The creation of
revolutionary new paradigms like
these is relatively rare. Most new tech-
nologies only modify existing meth-
ods, although even incremental modi-
fications eventually may greatly
change an operational paradigm.

Germany and Chemical Warfare
The German attempt to integrate

the technology of gases in World War I
is a telling case of the difficulties in
harnessing technology to military pur-
poses. No clear requirement generated
the capabilities inherent in gas; instead

translating potential into functional 
purpose dictates the pace of 
organizational and doctrinal integration

Figure 1. The Scientific and Military Worlds

Scientific Culture Military Culture

Driven by discovery; non-hierarchical Driven by knowledge; hierarchical

Embraces the unknown Avoids the unknown

Externally directed Internally directed

Long term orientation Short term orientation

Outcomes are secondary Outcomes are paramount
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chemical assets emerged almost with-
out regard to requirements. Gas war-
fare began as a technological initiative
of the German chemical industry. It is
the story of the translation of an ex-
perimental concept into integrated
doctrinal and organizational accep-
tance. The final adoption was ulti-
mately expressed in approved tactics,
techniques, and procedures, all part of
a coherent doctrine for employment.
The cost of achieving this integration
was time—time lost that could never
be recovered.

German experience with offensive
chemical warfare is particularly rele-
vant today because it clearly illustrates
the difficulty of integrating developing
technology and existing doctrine. In
many ways, it parallels the broad yet
second-order technology of informa-
tion management as related to the bat-
tlefield. Unlike the tank or airplane, gas
was not developed as an independent
weapon. It did not alter the paradigm
of ground combat in World War I. In-
stead its effects were distributively felt
and essentially supportive. By 1918
these effects were evident across all as-
pects of German tactical doctrine, but
as an enabling force rather than a cen-
terpiece. This makes the study of these
German attempts to integrate gas use-

ful in examining new technologies
today that must be linked to doctrine
and organizational architecture not
only directly, but more often indirectly.

Strategic Framework
Like most wartime marriages of

technology and tactics, German gas
warfare was driven by military neces-
sity. By late 1914 it was clear that the

great maneuver battles on the Western
Front at the beginning of World War I
had not been decisive. Out of broken
plans came the establishment of static
positions which yielded slowly but in-
evitably to trench warfare. This re-
flected a strategic stalemate that char-
acterized the conflict until 1918.
Strategic mobility, made possible by
railroads and theater logistics, enabled
both sides to shift reserves to prevent
local successes from becoming break-
throughs. At the same time, on the tac-
tical level, fire dominated the battle-
field. The limited offensive tactical
mobility of foot-mobile infantry, horse-
drawn artillery, and primitive battle-
field logistics systems could not over-
come the defensive supremacy of fire.
It was virtually impossible to generate
opportunities for operational maneuver
beyond the depth of enemy trenches
before the latter could redeploy suffi-
cient forces to reestablish his defenses.

The Germans endeavored to break
this static front on both the strategic
and tactical levels. The strategic re-
course included the ill-fated 1916 Ver-
dun offensive, an attempt to bleed the
French army to death that inexorably
bled both armies white. After this, the
correlation of forces drove the Germans
to the strategic defensive. Thus, they

developed a doctrine of elastic defense
in depth, designed to minimize Allied
artillery superiority. In 1917 victory
over the Russians allowed them once
again to shift their forces westward
where they could attempt to achieve a
decision before the weight of American
arms could be brought to bear.

Ypres
In the winter of 1914 the Ger-

mans experimented with gas in two
small-scale attacks, but it did not affect
enemy troops. In October 1914, at
Neuve Chapelle in France, tear gas (di-
aniside chlorosulphate) was delivered
by primitive artillery projectiles.3 In
January 1915, at Bomilov in Russia, ar-
tillery-delivered xylil bromide was
used, but an attack designed to take
advantage of the presumed effect of
gas was a costly failure. Extreme cold
weather dissipated the effects of the
gas. Problems were encountered in
matching gas projectiles with high ex-
plosive shells.4 Despite these setbacks
German scientists and soldiers re-
mained interested in gas. Certainly the
Allied newspaper articles claiming new
and ominous French gases were a spur
to German chemical enthusiasts.

Fritz Haber of the Kaiser Wilhelm
Institute for Physical Chemistry in
Berlin observed these failures and of-
fered an alternative gas and delivery
means. He proposed using chlorine, a
lethally toxic gas to be delivered by
cloud. Large quantities of commercial
chlorine were readily available. Gas
cylinders would be transported to the
trenches and opened. Favorable winds
would move the cloud over no man’s

land to Allied trenches. With enough
cylinders, a lethal concentration could
be achieved. Because the gas dispersed
rapidly, an exploiting infantry attack
would not be slowed. Expectations
were relatively low. Scientists saw gas
as simply a casualty producer. Concur-
rently, it might reduce the demand for
high explosive projectiles. For German
war planners, a shortage of helium

French 340mm 
(13.9 inch) gun.
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(HE) was a real possibility. No opera-
tional requirement had been set forth
for gas.

General Erich von Falkenhayn,
chief of staff and de facto supreme
commander, took Haber up on his
offer. He decided to employ gas on the
Western Front as part of a limited at-
tack at Ypres that did not heighten ex-
pectations for using gas. Ypres would
test gas as an offensive weapon and
cover redeployment to the eastern the-
ater, where the main effort for 1915
was planned. The failure of earlier
chemical experiments was duly noted.
There was no attempt to consider ex-
actly how gas might change the tacti-
cal balance of power.

Duke Albrecht’s Fourth Army had
emplaced over 5,700 large and small
chlorine cylinders. Two infantry corps
were prepared to follow the cloud this
would generate, overrunning the Al-
lied positions. But a complication
arose. The prevailing winds were from
west to east, which was bad both in
the long and short term for German
gas cloud operations. The Fourth Army
waited over a month before the
weather was adequate. To planners, the
Western Front had become a support-
ing action. Falkenhayn’s attention had
swung east to Galicia. Thus, on April

10, 1915, Falkenhayn made it clear to
General Ilse, chief of staff of Fourth
Army, that it was “more important to
launch the gas cloud as soon as possi-
ble than it was to obtain a deep pene-
tration.” As if to emphasize his point,
Falkenhayn refused the Fourth Army
request for an additional division to
exploit possible success and also

turned down requisitions for supple-
mentary artillery ammunition.5

Once started, late in the afternoon
of April 22, 1915, things went better
than even the most sanguine gas en-
thusiast could have hoped. The brunt
of the attack was borne by Algerian
troops who broke and ran. A gap of
some four miles appeared in Allied
lines. Thirty minutes after the gas dis-
charge, German troops advanced four

and a half miles until encountering a
rag-tag cordon of Canadians. The as-
saulting infantry, tired and perhaps
having lost their edge in the month-
long wait for proper winds, could not
break the line. There were no German
reserves to throw in, so the momen-
tary gap disappeared.

Subsequent gas attacks over the
next 48 hours were unfruitful, al-
though they caused over 5,900 Allied
casualties, a ratio of over two Allied
soldiers to each German.6 In the con-
text of most engagements, this was a
heartening statistic for the Germans.

Interestingly, the gas seemed to slow
the advance and depress the ardor of
the attackers, who feared its unknown
effects almost as much as the fire of
the defenders.7 There were positive
technical and tactical aspects of Ypres.
The ratio of casualties was favorable,
and a gap opened in the French lines.
Unfortunately, there was no plan for
taking advantage of the penetration,

and while one can criticize the Ger-
mans for wasting an opportunity in an
insignificant localized operation, this
is hindsight. All the Germans expected
of gas was that it would produce casu-
alties. Gas had been effective against
unprepared forces, but such surprise
could be achieved only once. The suc-
cess of Ypres was not exploited, so thus
it was irrelevant and meaningless. The
shock effect of the new technology was

not matched by tactics for a
fleeting opportunity. Even if
the Fourth Army had been
better prepared to continue
the attack, given the limita-
tions of artillery mobility and
logistics, it is difficult to be-

lieve that it could have been translated
into an operational success.

Chemical warfare was primitive
and unable to produce the ideal gas for
maneuver support, one of high toxic-
ity but not persistent. Such develop-
ments (nerve agents) rested in the fu-
ture. The gas used by the Germans,
particularly when limited to cloud at-
tacks, could produce casualties but
were too blunt to shape the battlefield
decisively. Their net effect was simply
to add more friction to a situation that
was already frightful enough. Gas was
a two-edged sword that worked against
attackers as well as defenders, and it
was not lethal enough to be used as an
independent bludgeon. Without ma-
neuver, it could not produce enough
attrition to alter the balance of power.
The basic problem, which would haunt
the Germans for three years, was the
relation of gas to maneuver.

Failure to Integrate
Over the next two years, the Ger-

mans used various gases and delivery
systems against the Russians and Ital-
ians and on the Western Front. Results
were generally favorable but not deci-
sive. One problem with gas attacks was
the lack of reliable means for assessing
results which plagued the Germans
throughout the war. Professor Haber
was placed in charge of the German
chemical warfare effort. Eventually, he
served as the link among science, indus-
try, and the high command. It was not

gas seemed to slow the advance of
the attackers almost as much as the
fire of the defenders
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an altogether successful linkage. The
military distrusted scientists to some de-
gree, but a reasonable amount of coop-
eration was achieved by Haber. The Ger-
mans consciously decided to make their
effort self-contained “on account of the
special nature of the work, the need for
secrecy, and the desirability of avoiding
any delay with a weapon that was de-
veloping so rapidly.” 8 The industrial
production of gases and delivery sys-
tems was generally adequate. Over time,
the problem became less one of scien-
tific research and industrial manufac-
ture than tactical application. The gases
could be produced; but what were they
supposed to do?

The introduction of phosgene, a
more potent agent, was accompanied
by improved artillery and projectiles as
the principle delivery technique for
German chemical weapons. Artillery
added depth to gas, making it less re-
liant upon weather. Diphosgene (green
cross) gave German gunners a potent,
in-depth offensive chemical capability.
By mid-1915 German offensive chemi-
cal thought began to embrace a con-
cept which has become basic to chemi-
cal warfare: the division of offensive

chemical weapons into persistent and
nonpersistent agents. The recognition
of this duality started the interpreta-
tion of chemical warfare technology
and conventional artillery tactics.
With this came a heightened set of ex-
pectations for chemical weapons. They
could perhaps do more than create
deadly friction and fear in friend and
foe alike. This blunt, deadly weapon
could be sharpened.

With this technical interpenetra-
tion, artillerymen began to apportion
chemical targets in two categories. Tar-
gets attacked by infantry received non-
persistent agents, and those attacked
by fire only, suppressed, or denied, re-
ceived persistent agents. This split was,
and remains today, a pillar of offensive
chemical warfare doctrine.9 For the
Germans it began—but only began—to
provide the structure for a coherent ap-
plication of chemical weapons. Despite
these technical advances, it was clear
that offensive chemical warfare alone
would not break the tactical stalemate
in the West. The opportunity proffered
at Ypres, combining German surprise
and Allied unpreparedness, defied
replication. In fact, if the machine gun
was the essence of infantry, then gas
remained the essence of attrition. It

simply added to the coefficient of fric-
tion on a battlefield already over-
whelmed with obstacles to maneuver
and casualty-producing systems. Be-
cause it proved difficult to link gas to
maneuver, by late 1915 chemical oper-
ations had become dislocated from of-
fensive maneuver.

The goal of German chemical at-
tacks had nothing to do with attempts
at a breakthrough. Instead they sought
simple attrition. The nadir of this of-
fensive chemical employment was typ-
ified at Verdun in 1916 where massive
amounts of diphosgene were fired on
French artillery positions in barrage
operations which were not linked to
ground maneuver to take advantage of
success.10 Despite the development of a
technical architecture for targeting, a
broad doctrine and a vision for opera-
tional integration were lacking. From
1915 to autumn 1917, the German
chemical warfare effort, regardless of
how relatively advanced it was, would
be without a framework for employ-
ment. This diffusion of purpose pre-
vented gas from being used in an inte-
grated combined arms effort.

Figure 2. German Chemical Warfare Development, 1914–18

Time Illustrative Battles Expectations Effects Doctrine

1914–15 Bomilov, Nueve Chapel, Ypres none mixed none

1915–17 Verdun low indecisive, attritive technical only, not linked to maneuver

1917 Riga, Caporetto moderate successful, attritive informal technical and operational;
linked to maneuver

1918 Michael high very successful formal technical and operational;
linked to maneuver

Meuse-Argonne, 1918.
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Changing Expectations
A doctrinal development reflect-

ing organizational and tactical changes
brought gas to the fore as a tool to
break the tactical deadlock: the intro-
duction of infiltration tactics. These
tactics put a premium on short, high-
intensity hurricane artillery barrages
that gas projectiles could enhance. In
October 1917, artillery-delivered chlo-
rine and phosgene were fired against
Italian positions on the Isonzo River at
Caporetto, coupled with an attack led
by infantry trained in infiltration tac-
tics. The Italians were unprepared for
both the gas and Stosstrupen and were
routed.11 It was one of the most com-
plete successes for gas in the war and
served as a model for subsequent at-
tacks in the West. This action, coupled
with similar success at Riga in Septem-
ber 1917, were harbingers of an in-
creasing role for gas in German offen-
sive thinking.12 Another was the
German counterattack at Cambrai. In
November 1917 a short artillery prepa-
ration preceded the infantry infiltra-
tion-style attack. A large percentage of
the shells were chemical, which disori-
ented the British defenders as much as
caused injury. The use of gas in such
cases was aimed at suppression, not de-
struction, and greatly reduced the time
required for the German artillery to
achieve effect on target.

The Germans developed a vision
for effective, coherent offensive chemi-
cal doctrine in early 1918, when infor-
mal procedures of the previous two
years were superseded by a compre-
hensive work released by the high
command on January 1, 1918 entitled

The Attack in Position Warfare. This doc-
ument set out the German approach to
breaking the tactical stalemate of
trench warfare. It reflected the lessons

of Riga, Caporetto, and Cambrai. Gas
was a key element, both because of its
“disruptive characteristics” and be-
cause it gave artillery greater effective-
ness over shorter times.13 For rapid sup-
pression, gas was far more economical.
Excellent suppression, particularly
against enemy artillery, could be ob-
tained with far fewer gas than conven-
tional HE shells.

In infiltration tactics, speed of at-
tack was critical, and artillery-delivered
gas heightened the shock and force of
indirect fire without requiring the long
preparatory fires typical of both British
and French tactics at this period. To-
ward that end, by the close of the war
the basic load of German artillery units
was 50 percent gas shells.14 In certain
operations the ratio of gas to conven-
tional rounds fired was three to one.
Driven by a slowly awakening doc-
trine, technological advances were
being integrated into organizational
practice and tactics. The expectations
were shifting, with chemical warfare
techniques being integrated into a
larger tactical calculus.

An important development was
technological, the widespread adop-
tion of mustard gas, or yellow cross.
Mustard was lethally toxic and persis-
tent; it could kill up to 72 hours after
exposure and acted against skin as well

as lungs. In the German Michael offen-
sive of 1918, mustard agent was fired
as a barrier to deny the flanks of at-
tacking formations and against targets
that were not to be assaulted by in-
fantry. Nonpersistent agents such as
chlorine and diphosgene were fired
against targets to be carried by the Ger-
man infantry. It was a sophisticated
approach: lachrymatory gases, or
throat irritants, were mixed with other
gases to force defending infantry to re-
move their masks, thus rendering
them vulnerable to lethal agents. As
the 1918 offensives ground themselves
out and reached an end, the Germans
discovered the utility of mustard agent
as a defensive weapon. It proved a

highly effective barrier
weapon and ultimately
was more successful in
the defense than in the
attack. Had the war re-
mained mobile, mus-
tard agent—available to

both sides by 1918—might have served
to slow the tempo of the fight yet
again by denying vast areas to maneu-
ver forces.15

The Lessons
The hinge of history turned at

Ypres, but the Germans were unpre-
pared. The technological advantage af-
forded by industry was not matched in
doctrine or organizational concepts.
Ironically, initial German conservatism
toward gas was sparked by earlier
small-scale failures.16 It would not be
until late 1917 that offensive chemical
warfare again played a significant com-
bat role. For the Germans, systematic
success with offensive chemical war-
fare finally occurred when it was used
in a totally integrated operational con-
cept, when the strengths of gas war-
fare—suddenness, shock, and variable
persistencies—were linked to a broad,
thorough tactical scheme: infiltration
tactics. This interpenetration of tech-
nology and doctrine yielded a coher-
ent framework for employment. Gas
was the junior partner in 1918, one of
the key supporting tools for infiltra-
tion tactics; a means, not an end. In
this case, the shifting paradigm of in-
fantry and artillery combat for the Ger-
mans absorbed the capabilities pro-
vided by gas and gave them useful

the technological advantage afforded by
industry was not matched in doctrine or
organizational concepts
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expression. Before the linkage of gas to
infiltration tactics, chemical warfare
was a clumsy, balky killer; after the
linkage it became a lethal accomplice.

As shown in the accompanying
figure, German offensive chemical war-
fare ultimately helped to break the tac-
tical deadlock on the Western Front,
but the long gap between first use in
1915 and coherent employment in
1918 blunted its contributions. Despite
the best of intentions, the Germans
were unable to rise above the lure of
simple, direct attrition and to effec-
tively link chemical warfare to maneu-
ver until 1918. By then it was too late.

The German experience offers im-
portant lessons. The inability to fully
exploit offensive chemical capabilities
was linked to the dynamic nature of
war. New weapons may have enor-
mous shock value but also operate
under a principle of rapidly diminish-
ing returns. We must plan for their ini-
tial use with maximum effect. If capa-
bilities are either misunderstood or
unappreciated, they will be misused—
or, as with gas, underused. The chance
for decisive action can disappear be-
cause the opposition will compensate,
often at a fraction of the original cost.

Weapons and technologies which
are becoming available today, particu-
larly those related to information man-
agement, represent only part of a larger
global revolution in technology. On
the operational level, we must exploit
fleeting advantages that even imma-
ture, incomplete technologies offer.
This involves recognizing that new
ideas may well bring new vulnerabili-
ties. Time is a key consideration in
using new technology, for action de-
ferred may be success denied. At the
same time, the casual, unconsidered
use of immature technology, while lo-
cally successful, may prevent a subse-
quent coordinated application of its ul-
timate strategic significance. But there
is no formula for success. Each oppor-
tunity must be weighed against the po-
tential cost. Our goal must be to reduce
the period of fumbling, the time in
which we try to mesh capabilities with

a coherent plan for employment. Suc-
cess will largely be a function of how
quickly we mesh them operationally.

As we enter the next century, the
Armed Forces must accommodate sig-
nificant changes in alliance structures
and political direction, and soldiers,
sailors, marines, and airmen must con-
sider how best to cope with new
weapons and technologies. Not every
decision about these weapons and
technologies—and, importantly, how
we think about them—will have an
immediate tactical effect, but as the
Germans learned in World War I, an
“ecstasy of fumbling” about how to in-
tegrate a new idea can cost dearly in
both the short and long runs. Thus we
should think critically about how ideas
have been integrated into military or-
ganizations in the past and should not
hesitate to apply the lessons to current
situations. JFQ
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